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"PHARMACEUTICAL COMPOSITION FOR STIMULATION OF THE IMMUNE 
SY STEM"" " " 

Field of the invention 

The present invention concerns a pharmaceutical composition 
containing alloantigens and/or xenoantigens , which are 
useful for stimulation of the immune system, particularly 
for cancer therapy, i.e., for treatment of cancer in man 
and in mammals in general. More specifically, the 

composition contains, as the active ingredient, major 
histocompatibility complex (MHC) antigens extracted from 
animal tissues and with the same molecular weight (between 
10,000 and 50,000 daltons) . 
Background of the art 

In the treatment of cancer, in view of the results up to 
now obtained with synthetic drugs and chemical and physical 
therapies, investigators have sought ways to develop 
systems to stimulate the immune response of the organism 
against the proliferation of cancer cells. A factor called 
AF2 (alpha-f etoprotein) , obtained from extracts of lambs 
and sheep embryos, has been used in the antitumor support 
therapy as an analgesic and biological antiemetic (Schweiz. 
Rundsch. Med. Prax. 1990, 79(16): 498-502). An antitumor 
polypeptide obtained from macrophage-like human cells and 
with a molecular weight of 47,010 daltons. is also known. 
In the Italian patent application no. MI 93A001369 filed in 
the name of the present applicant, it is described how 
histocompatibility antigens and ubiquitine or associated 
molecules administered to tumor-bearing subjects stimulate 
a cell-mediated and/or humoral immune response that can 



produce inhibition of the growth of the tumor cells and a 
regression of the neoplastic disease • It is known that MHC 
antigens (which are ubiquitously present on the cells) 
perform a function of vital importance for the regulation 
of the immune system by taking part in the mechanism that 
allows the immune cells to differentiate foreign antigens 
(non-self) from antigens of the individual (self) . The 
antigens and more in general the histocompatibility 
molecules are coded by a group of genes localized in a wide 
region of a single chromosome. 

Three main classes of genes are recognized: class I, which 



responsible for rejection and transplants and destruction 
of altered autologous cells; class II, which includes genes 



that codL£}5 for the surface structures that interfere in 
the cooperation between B and T lymphocytes and 
macrophages; and class III, which includes genes that 



codL#y. for some fractions of the "complement system" and 
the synthesis of a serum protein (protein Ss) . 
The MHC antigens of class I are made up of two polypeptide 
chains that are not covalently linked. The largest chain, 
responsible for allogenicity , has a molecular weight of 
about 43,000 daltons. The smallest chain-, identified with 
the p-2 microglobulin, has a molecular weight of about 



13,000, is not codified by the MHC system, and is always 
the same for each molecule of class I. The two polypeptide 
chains are covalently associated to an unchanging chain of 
about 33,000 daltons. 



includes genes that 




for antigens and molecules 



e 



The MHC antigens of class II are characterized by two 
glycoprotein chains - one with a molecular weight of 34,000 
daltons (called alpha) , and the other with a molecular 
weight of 29,000 daltons (called beta). 

The MHC antigens are usually isolated after the cells have 
been destroyed by sonication, treatment with liquid 
nitrogen, or freezing/defrosting. Once the membranes have 
been prepared, histocompatibility molecules are extracted 
by means of a variety of detergents or by proteolysis. 
Salts of high ionic strength are also used for the 
extraction of MHC antigens from vital cells, but not from 
cell membranes. The greatest amount of histocompatibility 
antigens is obtained consistently with detergents, such as 
Nonidet P40 (see for an example, A. Dautigny et al, 
Biochimica et Biophysica Acta, 298:783-789, 1973). In this 
case, it is possible to separate the various MHC 
specificities by electrophoresis at a pH gradient. 
Summary of the invention 

It has been found that the immune response of an organism 
affected by a neoplasm . improves considerably when MHC 
antigens extracted from animal tissues, serum or cells of 
various species (xenoant igens) are administered. Such an 
effect is even more pronounced and - long-lasting if 
xenoantigens of different origin are alternated. 
Objects of the invention 

The object of the present invention is therefore 
pharmaceutical compositions for stimulation of the immune 
system, characterized in that they have as the main active 



ingredient MHC molecules .extracted from animal or human 
tissues, serum or cells. 

The term histocompatibility molecules herein refers to MHC 
antigens and all the molecules that are codfr f iod - 
analogously to histocompatible antigens by the 
corresponding genetic MHC loci, as well as their associated 
molecules obtained by extraction, and also refers to 
antigens of red blood cells. 

Another object of the invention is a pharmaceutical 
composition of the aforementioned type and characterized by 
having separate packages of animal tissue, serum or cell 
extracts containing essentially MHC molecules of different 
origin for successive administration of such molecules. 
The term histocompatibility molecules of different origin 
herein refers to MHC molecules obtained from different x 
organisms or species, or originating from different batches 
of tissues, serums or cells. 

As stated above, histocompatibility molecules useful for 
the invention are usually obtained by extraction from 
animal tissues, together with their associated molecules. 
The histocompatibility antigens and molecules constitute 
the true active ingredient, whereas their associated 
molecules are extracted together with -the antigens and 
presumably act as carriers for the histocompatibility 
molecules . 

The histocompatibility antigens and molecules used for 

the present invention were prepared from mammalian liver 

Cm.// 

tissue, usually homogenized cn- oaL or goat liver. 
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Brief description of the drawings 

The invention will now be further described with reference 
to enclosed drawings, in which : 

- figures 1 to 7 are graphs showing the different tumor 
cell proliferation in treated and non-treated rats. 
Description of the preferred embodiments 
Example I - Extract with acids (I N HC10 4 ) 



*Vea4 liver homogenate (5 g) is dispersed in 10 ml of 
distilled water, then 10 ml of 2 N HC10 4 are added drop 



continued for 3 0 min, and the mixture is centrifuged at 
100,000 x g for 20 min at 4°C. The supernatant is dialyzed 
against running water and then against distilled water all 
night. It is concentrated by a factor of 5 with Amicon PM 
10, and a threefold volume of 4 M KCl in 0.05 M phosphate 
buffer at pH 7.5 is added. The mixture is stirred at 4°C 
for 24 h and then centrifuged at 100,000 x g for 1 h at 
4°C. The supernatant is dialyzed against phosphate- 

buffered saline (PBS) and centrifuged again. Finally, the 
extract is concentrated by ultrafiltration through a 
membrane with a cutoff of 10,000 daltons up to a protein 
concentration of 1 mg/ml. 

Example II - Extraction with detergents (PBS + Nonidet P40) 



i^esi liver (103 g obtained from a freshly killed 
animal) is cut in small pieces and homogenized in a Waring 
blender in 260 ml of 0.14 M PBS, pH 7.2, and 0.5% (v/v) 
Nonidet P40. Homogenization is done at 11,400 rpm for 2 




wise in 20 min under stirring at 4°C. 



Stirring is 



min (alternating 30 s of treatment with 30 s of rest) . 
Protein assays done at various phases of the treatment 
demonstrated that cell lysis was complete after 2 min. The 
sample was agitated for 45 min at 4°C and then centrifuged 
for 90 min at 4°C in a Sorvall SS-34 rotor at 20,500 rpm 
(50,000 x g) . The supernatant (about 300 ml) was then 
subjected to dialysis at 4°C against 4 L of 0.14 M PBS, pH 
7.2, with three changes in the dialysis phase (one change 
every 8 h) . Membranes with a cutoff of 10 kDa were used 
for the dialysis. 

The sample thus obtained, with a volume of 310 ml, was 
subjected to protein assay according to the method of 
Lowry, using bovine serum albumin as the calibration 
protein. A titer of 40.8 ± 2.2 mg protein/ml of solution 
was obtained. An aliquot (150 ml) of the solution was 
diluted to 1200 ml by addition of 0.14 M PBS at pH 7.2 and 
then frozen. The remaining part of the sample was frozen 
as such. 

With the procedures of examples I and II, MHC antigens and 
their associated molecules with a high molecular weight 
(from 10,000 to 50,000) were obtained. The liver extract 
thus obtained, designated AIM-3, was used- for in vitro and 
in vivo tests. 

For the in vivo tests, two routes of administration were 
used: subcutaneous and local. The daily administration to 
human subjects of 4 ml of the preparation obtained with 
example II generally gave positive results in about 4 
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weeks. Neutralization of the MHC proteins by antibodies 
against the same MHC molecules was avoided by varying every 
week the origin of the extract, i.e., by using extracts of 
different batches obtained from tissues of the same 
species, or of different species. 

In any case, different routes of administration can be 
used, such as parenteral or by aerosol. The pharmaceutical 
composition will consequently contain vehicles and inert 
substances that are pharmaceutically acceptable and chosen 
from those known in the technique, as a function of the 
chosen administration route. 

The invention is now described in greater detail with 
reference to the following examples and relevant Figs. 1-7. 
In vitro experiments 

Example A 

Molt 4 cells were inoculated with the extract of example I. 
The inoculated cells produced tissue necrosis factor (TNF) 
in the supernatant only at 24 h after inoculation, with 
concentrations clearly superior to those found in untreated 
cells (1000 pg/ml compared to 300 pg/ml) . 
In vivo experimentation 

Fischer inbred rats weighing 150-175 g were used. The 
tumor was induced by inoculation into the -pleural cavity of 
about 250,000 Yoshida AH-130 cells. Such a dose allowed 
observation of tumor growth for about 18 days before the 
death of the animal. 

Treatment with the composition of the invention, as 
obtained in example I, was then given in doses of 0.025 
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mg/kg/day in the pleura, peritoneum or subcutaneously 
according to the following examples. 
Example B 

Some of the inoculated rats were treated with the 
aforementioned dose of the extract of example I (but 
obtained from goat liver) in the pleura (A) , peritoneum (O) 
or subcutaneously (A) from the 4th to 8th day and then from 
the 12th to 16th day from cell inoculation (Fig* 1) . The 
data (mean ± SEM of 7 experiments) showed that starting 
from the 8th day the number of intrapleural tumor cells was A 
significantly less in treated rats than in controls (^) 
treated with a physiological solution. 
Example C 

In this case, the extract of example I -was administered, 
with daily treatment from the 4 th to 15th day. Fig. 2 
shows that the reduction in growth of ( tumor " cells in 
treated rats (O) with respect to control 
Example D 



or tumor " eel 
)ls u (fo) . ^ 



Two extracts were prepared according to example I from two 
different batches of vgqi liver homogenate. The first 
batch was administered to inoculated rats firom the 6th to 
14th day, and the second batch was administered from day 15 
to day 21. The results showed that the ►tendency of tumor 
cells to proliferate diminished when the extract was varied 
(Fig. 3). The controls (upper curve) were treated with a 
physiological solution as in previous examples. 
Example E 



In this experiment, an extract obtained as in example I 
from goat liver was administered from day 5 to day 10, and 
the same type of extract but obtained from liver was 

administered from day 11 to day 16. The results showed a 
marked reduction in cell growth starting from day 8 in 
treated rats (O) with respect to controls (<£) and also with 
respect to the growth observed in treated rats of the 
previous examples (Fig. 4) . 
Example F 

In this case, NIH-RNU+ rats (Fig. 5) and NIH-RNU" rats 
(i.e., without the thymus) (Fig. 6) were used, and the 
extract of example II was administered. Fig. 5 shows the 
behavior of treated whole rats (curve A) and corresponding 
controls (curve B) . Fig. 6 shows that treatment with the 
MHC molecules of the extract obtained according to the 
invention did not determine a reduction in tumor cell 
proliferation up to day 8, since the nude rats do not have 
T lymphocytes. Starting from day 9 in treated rats (curve 
C) , there was a reduction in the growth of neoplastic cells 
caused by the activation of 1 tumor specific B lymphocytes, 
and by stimulation of other effector cells. , 
Although a complete explanation of the taction mechanism^of 
the active ingredient of the present invention is not given 
herein, it is believed to be based on the presence of MHC 
antigens and molecules, which are highly immunogenic. The 
efficacy of such molecules is the result of the activation, 
by MHC proteins, of anergic lymphocytes of the tumor- 
bearing subject. Tumor cells normally elude the attack of 



T lymphocytes since the latter, although having recognized 
the tumor antigens, do not receive a second signal because 
the tumor cells are devoid of adequate co-stimulating 
molecules. The molecules codt^iet^by a foreign MHC^bind to 
T lymphocyte receptors by a mechanism analogous to that 
which occurs in transplant rejection and set in motion a 
series of biochemical events that lead to the destruction 
of the tumor cells. In rats devoid of T lymphocytes, to 
which tumor cells were inoculated, the MHC proteins 
complete the stimulation of B lymphocytes, which - although 
having recognized the tumor antigen - in the absence of 
helper T lymphocytes would remain inactive. The results of 
the following experiments confirm such a hypothesis. 
Example G 

Some of the inoculated rats were treated with the 
aforementioned dose of the extract of example II. Since no 
appreciable growth of tumor cells was observed, the test 
was repeated according to the following example. 
Example H 

Some of the inoculated rats were treated with the 
previously cited dose starting from the 5th rather than the 
4th day, administering only one type of extract. Controls 
were treated with physiological saline. . The results are 
shown in Fig. 7. 

The possible action of the extract of example II against 
viral agents, particularly HIV, was also investigated. The 
following in vitro experimentation was carried out. 
Example III 
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The effect of the substance, added to T-lymphoblast ic cell 
cultures contemporaneously or at 4 , 8 and 2 4 h before HIV 
infection, on viral replication was evaluated. An aliquot 
(100 ng) of the substance was added to cell suspensions 
(about 800,000 cells/ml of viral suspension) of MOLT 4 and 
CEM cells. The cell suspensions were infected 

contemporaneously and after 4, 8 and 24 h of preincubation 
at 37 °C in 5% C0 2 of the substance under examination with 
100 |il of viral suspension containing 1 x 10 4 TICD 50 /ml of 
HIV. 

Evaluation of the inhibitory effect was done by comparing 
the replicative levels of HIV, measured by determination of 
the viral P24 antigen or inverse transcriptase activity in 
the supernatant of pretreated cells with respect to control 
cells infected at the same times only with the viral 
suspension. Determinations of viral replication were done 
at 3, 6, 9, 12 and 15 days from the viral infection. Our 
results showed that the contemporaneous addition of 100 ng 
of the substance and viral particles to the cell 
suspensions did not determine any inhibition of viral 
replication. A reduction in viral replication was observed 
only following pretreatment of the cells with the AIM 
substance for 4 and 8 h before the HIV infection. Such an 
inhibitory effect was most evident in the first replicative 
phases of HIV, at 3 and 6 days from the infection, with 
inhibition values of 60-70%. The inhibitory effect had 
diminished when viral replication was assayed at 9 days 
from infection and reached values of 30-20% at 12-15 days 
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from infection. Instead, no inhibitory effect was observed 
when the cell cultures were pretreated for 24 h before 
addition of the virus. 



